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What Is Energy? 


Write a definition of energy in your words. 
Compare your definition of energy with each 
picture. Is your definition complete? 
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Only a tiny fraction of the sun’s output of energy Nonrenewable Fuels 
reaches us here on Earth. The diagram shows ‘ 
what happens to every 100 units of solar energy we Our first source of fuel in Canada must have been 
receive. About what per cent of the solar energy we obvious to the settlers who were surrounded by 


receive is used by plant life around the world? trees. Firewood at that time was plentiful and 
About what per cent of our solar energy is cheap. To those first farmers, who almost had to 


oonvertedintiioode clear a place to stand, trees must have seemed 
more like enemies than friends. 
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As early as 1715, coal was dug out of outcrops on 
Cape Breton Island by the French soldiers who 
Mp built Louisbourg. In many ways, coal is a better 
fuel than wood. It burns hotter and longer. Coal 
became the most important fuel for heating and it 
kept this position until the 1940s. 
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To light a kerosene lamp, remove the glass 
chimney and touch a lighted match to the cloth 
wick. The wick can be raised or lowered by 
turning the metal knob. 


In the first half of the 19th century, the only light 
in a house at night came from the open fireplace, 
candles, or lamps that burned animal or whale fat. 
As a result, there wasn't much light in the 
evenings. 

In 1846, a Canadian, Dr. Abraham Gesner, 
distilled kerosene, a light, clear oil from coal. 
Kerosene burned with a bright yellow flame and 
made a superior lighting fuel. Kerosene lamps in 
many designs soon appeared everywhere. 

Eight years after his success with kerosene Dr. 
Gesner patented a method of getting kerosene from 
petroleum. The process was much easier and 
cheaper than obtaining kerosene from coal, so 
petroleum suddenly became useful and valuable. 

The first oil well in Canada was dug in Ontario 
in 1858. At that time, only the kerosene was 
separated from the crude oil. Everything else was 
discarded. A little later, when the automobile was 


invented, gasoline was needed in large quantities 
and the search for more oil was on. The first big 
find in the west was at Turner Valley, near Calgary, 
in 1914. But the really important find wasn’t made 
until 1946. This was the famous Leduc No. 1 well, 
near Edmonton. The oil and gas discoveries that 
followed uncovered reserves that were large 
enough to supply the modern petroleum industry 
in Canada. One change that most Canadians 
made was to switch from using coal to either oil or 
gas for heating their homes. 

The newest source of energy in Canada is 
uranium. Uranium ore is mined and refined into a 
purer form. This refined uranium is the fuel for 
the CANDU, Canada’s nuclear reactor. 

You will read more about these nonrenewable 
sources of energy in the chapters that follow. 


1. Why is wood still used as fuel in some parts of 
Canada today? 

2. Not long ago coal was the fuel that heated most 
of the houses in this country. Find out what it 
was like to have a coal furnace in the house. 
Ask an older person what these words mean: 
coal bin, scuttle, coal chute, stoke, clinker, 
ashcan, draft. 

3. Why did homeowners switch from coal to oil or 
gas? Consider transportation, storage, and 
home use of these fuels in your answer. 

4. Study the graph on page 6. 

a. The line showing the use of wood and coal as 
fuel drops steadily until 1976. In 1976 the 
line shows an upturn. Give a reason. 

b. Why does oil use show a downturn in 1976? 

5. Make a prediction for the use of these 
nonrenewable fuels over the next ten years. 
What factors will you have to consider? 





Activity 
Is Electric Light Better than 
Kerosene or Candle Light? 


The invention of electric lighting improved 
people's quality of life immensely. In the following 
activity, you can experience the differences 
yourself between lighting with an electric light 
fixture, and lighting with a candle or a kerosene 
lamp. Because open flames are dangerous, you will 
be acting as an observer as your teacher 
demonstrates this activity. 


MATERIALS Your teacher will need a candle, a 
kerosene lamp, an electric light, and some 
matches. (Caution: Only kerosene fuel should be 
used in a kerosene lamp. Do not use camp fuel!) 


PROCEDURE, OBSERVATION, and CONCLUSION 
Draw blackout curtains to darken the classroom. 

Watch as your teacher lights the candle. 
Describe the quality of the light. Is it bright or 
dull? steady or flickering? (Your teacher will then 
extinguish the candle. ) 

Observe as your teacher lights the kerosene 
lamp. Describe the quality of the light. (Your 
teacher will then put out the light.) 

Observe as your teacher lights the electric lamp. 
Compare the quality of the lightbulb with the light 
from the candle and the kerosene lamp. What is 
your conclusion? 
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Energy jrom Coal 





Millions of years ago the climate of our earth was 
hot and damp. Great forests grew in vast swamps. 
Year by year, dying trees and plants added to the 
thick layer of vegetable material in the swamp or 
on the forest floor. Sometimes this organic (once- 
living) material must have decayed and 
disappeared, just as it does in the forests of today. 
Sometimes, however, changes in the earth's crust 
allowed ancient seas to cover the land. Protected 


from air, the plants and trees did not decay. 
Sediments (tiny pieces of soil, clay, sand, tiny 
pebbles, small stones) from the water buried the 
plant layers under beds of shale and sandstone. As 
the process was repeated, the layers of plants 
became squeezed under great pressure and heat 
for along time. The result was coal. Do you know 
what shale and sandstone are? If you don't, look 
them up in a dictionary. 





Activity 

What Is Sedimentation? 

Water that is moving, as ina river, will carry 
sediment with it. What happens when the river 
meets a lake, slows down, and stops flowing? This 
activity will help you answer the question. 


MATERIALS You will need a large jar, some soil, 
clay, sand, and pebbles, some water, and a pencil 
and paper. 





PROCEDURE, OBSERVATION, and CONCLUSION Put 
equal amounts of each ingredient into the jar until 
the jar is about half full. Stir the mixture 
thoroughly. 

You are going to add water, stir, and let the 
ingredients settle. Before you add the water, make 
a prediction. Write down what you think you will 
see in the jar when all the materials have settled. 

Now add water until the jar is about three- 
quarters full. Stir thoroughly. Set the jar in a quiet 
place for one day. 

Record your observations and complete the 
diagram of the jar. 

What is your answer to the question? 
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The Origins of Coal 


Coal is fossilized plant material. The plant origins 
of coal can occasionally be seen in coal that is 
mined today. 





A fossil is the record of plant or animal life from 
the past. There are several kinds of fossils, and 
each one can give us accurate information about a 
form of life that has disappeared from the earth. 
Activity 
Are There Fossils in Coal? 


You may be able to answer this question by doing 
the following activity. 


MATERIALS You will need several lumps of coal, a 
pair of safety goggles, ahammer, and acold chisel. 





PROCEDURE, OBSERVATION, and CONCLUSION Get 
as large alump of coal as you can. 

Gather together safety goggles, ahammer, anda 
cold chisel to use in the next step. 

Find the “grain” in the coal where the layers join. 
Try to split the layers apart by tapping the chisel 
with the hammer. 

If the lump of coal is large enough, you will be 
able to begin at one edge and split off several 
layers. 

What do you observe in the split layers? 

What is your answer to the question? 


How re Fossils Formed? 


Making your own “fossils” isn’t exactly like the real 
thing, but it shows how some fossils were formed. 


MATERIALS You will need some shells, ferns, 
leaves, some modelling clay or moist sand, an old 
pan (or piece of cardboard), some plaster of Paris, 
and some water. (Your teacher may prefer to mix 
the plaster of Paris for you. ) 


@ 


@ 


Se 


PROCEDURE and OBSERVATION Obtain some 
material such as modelling clay or moist sand to 
take the impression ofa shell, leaf, or fern. 

Put the clay in an old pan, or make a cardboard 
collar to go around it. 

Make an impression of the organic (once-living) 
object by pressing it into the clay surface and then 
removing it. 

Mix plaster of Paris and pour a layer about 2 cm 
thick over the impression. 

When the plaster is dry, remove the clay from the 
pan (or remove the cardboard collar). 

What do you observe in your completed cast? 






The period of time during which most of 
Canada’s coal was formed has been labelled the 


Carboniferous Period (the carbon-forming period). 


Scientists believe it began about three hundred 
million years ago and it lasted for about fifty 
million years. It was a time when climatic 
conditions must have been similar over the whole 
earth, because coal is found on every continent, 
even Antarctica. 
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Activity 
What Are Some Common Forms of Carbon? 


The world around us is built of combinations of 
basic substances we call elements. Oxygen is an 
element, so are hydrogen, iron, and sulfur. Some 
elements, such as gold and platinum, are rare and 
hard to find. Carbon, on the other hand, is very 
common. Carbon is one element of every living 
thing—you, your pet canary, and the tree in the 
yard. Carbon can be found in many different forms 
and combinations. This activity will help you 
discover some of them. 


MATERIALS You will need a candle, a saucer or 
piece of glass, some wooden matches (with the 
heads removed), a safety-glass test tube, a burner, 
some ASA tablets, a safety-glass crucible, and 
some pieces of barbecue fuel (briquettes). (Your 
teacher may prefer to demonstrate this activity, 
with you acting as an observer.) 


CRUCIBLE <> 






SAUCER BEING 
HELD OVER CANDLE 


ep BRIQUETTES 
Za 2D WOODEN MATCHSTICKS 
FA7-e WITHOUT MATCHHEADS 


ASA 
€& TABLETS TEST 
TUBE 
ae 


PROCEDURE and OBSERVATION Hold a saucer over 
a candle flame, as shown. The sooty black powder 
that is deposited on the saucer is carbon. 

Heat a few ASA tablets in a crucible until the 
reaction is complete (nothing more happens). 
Compare the residue (what is left) with the carbon 
you collected on the saucer. 

Heat splinters of wood (wooden matches with 
the heads removed) in a test tube until the wood 
changes color. When they are cool, examine the 
charred pieces of wood. Compare them with the 
pieces of barbecue fuel. What do you observe? 
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COMPOSITION OF THE HUMAN BODY 
(WATER REMOVED) 


NITROGEN 












CALCIUM 4% 


PHOSPHORUS 
3% 
OXYGEN 


OTHER 
ELEMENTS 5% 


CARBON 
50% 


COMPOSITION OF THE EARTH 


POTASSIUM ety 
3% 


2% 


ALUMINUM 


MAGNESIUM 
2% 
OTHER 
ELEMENTS 
INCLUDING SILICON 
CARBON 20% 


10% 


OXYGEN 
50% 





Coal is called fossil fuel because coal was formed 
from once-living plants. Petroleum and natural gas 
are also fossil fuels because they were formed from 
ancient animal life. Look up the words fossil, 
carbon, and hydrocarbon in an encyclopedia. Try 
to find three more common forms of carbon. 

It is interesting to compare the composition of 
our living bodies and the “body” of the earth. After 
examining the two circle charts, what similarities 
and differences do you find? Do you think living 
things use the most abundant elements in 
nature? How can you find out? 





Coal Deposits 


Coal deposits are found in layers called seams. 
Coal seams vary in thickness from a few 
centimetres to over 100 m. In most Canadian coal 


mines, the seams average from 1 mto 3 min 
thickness. 





GRADE DESCRIPTION 


ANTHRACITE Hard black coal with a brilliant 
lustre. Burns slowly with a 
blue flame. Contains 86% to 
98% carbon. Has low moisture 
content. 

Black coal. The most abundant 
variety. Contains less than 
86% carbon. Moisture content 
higher than anthracite. 

Black coal. Contains 15% to 
30% moisture when mined. 
Brown to black coal. Contains 
30% to 40% moisture. 
Disintegrates in air. 


























BITUMINOUS 
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Coal deposits are graded by the quality of the 
coal. The harder the coal, the more carbon it 
contains, and the better it is for fuel. 


Activity 
What Are the Characteristics of 
Different Grades of Coal? 


MATERIALS You will need samples of different 
kinds of coal, some sheets of white paper, a 
separate crucible for each kind of coal, anda 
Bunsen burner. (Your teacher may prefer to 
demonstrate this activity, with you acting as an 
observer. ) 


CRUCIBLES 





WHITE 
PAPER 


PROCEDURE Identify the grade of each sample of 
coal. Try streaking each sample on white paper. 
The color of the streak may give you clues. 

Use samples of the same size. Place each sample 
of coal in a separate crucible. 

Burn each sample with the Bunsen burner. 

Observe which sample burns the longest. 
Record your observations. 

Observe the length of time each grade of coal 
continues to give off heat. Record your 
observations. 

OBSERVATION What kind of coal started to burn 
first? Which kind of coal was second? Which kind 
of coal gave off heat for the longest period of time? 
for the shortest period of time? 

CONCLUSION How do you know that coal isa 
source of heat energy? Which kind of coal has the 
greatest heat value? Why? 

Write a general statement to describe how the 
hardness of coal seems to affect the heat value. 
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Extracting and 
Processing Coal 


Mining 

Sometimes coal seams lie near the surface. In this 
case, the coal is often removed by strip mining. 
Strip mining can get out about 85% of the coal in 
the seam. 

This method of mining begins with a dragline, a 
huge earth-moving machine. The dragline scrapes 
away the overburden of topsoil and other rock 
material until the coal seam is exposed. 





Power shovels load the exposed coal into trucks 
and the trucks haul the coal to a preparation 
plant. 
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When the coal is buried too deep to reach by 
strip mining, a shaft mine is built. A vertical shaft 
is dug to the level of the coal deposit, then 
horizontal tunnels are dug following the coal 
seams. 
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In the past, dynamite was used to blast coal 
loose in the mines and the muscle power of miners 
and animals brought it to the surface. Today 
machines have taken over most of the difficult 
jobs. Production has increased and the jobisa 
little easier. 





Loading The broken coal is placed by this large 
loader onto a conveyor belt and is dumped intoa 
shuttle car. The shuttle car is just like the one 
that transports the miners to their work. 





. * Fame faced: i AER = v 
Cutting A giant cutting blade cuts a slot at the 


base of the coalseam. The coal will fall into the 
slot once it is blasted. 


3) Sk cee, eel i a ; : ; 
cM eis ies ? . Longwall mining is used in deeper mines. 


Longwall mines have two parallel tunnels in which 
huge machines cut and load the coal in one 
operation. 
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Drilling and blasting A miner bores holes into 
the coal. A charge of dynamite is put into these 

holes. The explosion shatters the coal and it falls 
into the slot which has been made by the cutting 
machine. Here, acontinuous miner cuts and loads coal. 


16 





Which Way Is Up? 


One of the hazards of underground mining is the 
threat of a cave-in. Wooden or metal posts are often 
used to support the ceiling as the coal is removed. 
To give the best support, the post must be vertical. 
Can you think how a miner deep inside the mine 
would know that a post is vertical when there are 
no buildings, trees, or telephone poles, or other 
such objects to refer to? 
js Us th Vi x —— 
AN} | ey ty a= > 
| if WZ 
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Canaries in a Mine? 


If you were a miner, you might be exposed to 
harmful gases. One of these is carbon dioxide. 
This is the same gas you exhale when you breathe. 
Carbon dioxide is sometimes found along with 
deep deposits of coal. Miners call it chokedamp. 
The only way to make the mine safe from 
chokedamp is a ventilation system that brings 
down a constant supply of fresh air. 

Another harmful gas is methane, or marsh gas. 
Miners call it firedamp. Methane is produced when 
plants decay. It is invisible, tasteless, and odorless. 
It is also explosive. When coal forms, methane is 
produced. Usually it escapes through cracks in the 
rocks, but sometimes it becomes trapped 
underground with the coal. When mining sets the 
gas free, aspark or open flame can trigger an 
explosion. 

The lights in early coal mines were candles or oil 
lamps. There was constant danger that these open 
flames would set off explosions when methane was 
present, yet the miners couldn't work in the dark. 

The first solution was to carry along a canary in 


a cage. As long as the canary stayed active, the 
miners were safe. 

A better solution was the invention of the Davy 
safety lamp. Surprisingly, it is an oil lamp with an 
open flame! Yet this lamp can be used safely in the 
mine when methane is present. 


AIR OUT 





The safety lamp was invented by Sir Humphry 
Davy in 1815 to provide miners with light without 
exposing them to the danger of a methane 
explosion. Today, miners have safe electric lights 
in some parts of the mine. In others, they carrya 
battery on their belt that powers a light in their 
helmet. The safety lamp is still used, however, 
because the color and size of the flame gives the 
miner a way of detecting the presence of 
chokedamp and firedamp. 

When Sir Humphry Davy tackled the problem of 
building a safety lamp, he knew these two things: 
The lamp flame needed air to burn, and methane 
in air won't explode until it reaches a certain 
temperature. His problem was to let air reach the 
lamp flame, but to keep the heat of the flame from 
reaching the outside air. 
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Activity 
How Does a Miner’s Safety Lamp Work? 


Oxygen makes a flame burn brighter. What effect 
would chokedamp have on the flame in a safety 
lamp? The following activity will show you howa 
miner’s safety lamp works. 


MATERIALS You will need a thermometer, an 
alcohol lamp or short candle, a clamp and support 
for the thermometer, a pair of tongs or safety 
mitts, and a cylinder of fine metal screen, open at 
the ends, about 8 cm in diameter. (Your teacher 
may prefer to demonstrate this activity, with you 
acting as an observer. ) 


THERMOMETER 
CLAMP 


FLAME 


STAND 
CANDLE 


FINE METAL SCREEN 





PROCEDURE, OBSERVATION, and CONCLUSION Set 
up the equipment as shown. Place the 
thermometer about 3 cm from the flame to showa 
rise in temperature, but not close enough to 
damage the thermometer. 

Record the new temperature. 

Lower the screen cylinder over the flame. If you 
must hold it, use tongs or safety mitts. 

Observe the thermometer for the next 2 min. 
Record the new temperature. 

Study the diagram of the safety lamp on page 17. 
How does air reach the lamp flame? 

The heat that the flame produces is safely 
removed. How is it done? 
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NORTH AMERICA’S COAL RESOURCES 





COAL RESOURCES IN CANADA 
100 TOTAL RESERVES ABOUT 
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MANITOBA, ONTARIO, AND NEW BRUNSWICK 
TOTAL LESS THAN HALF OF 1% 

1. In which coal fields in Canada would you be 
most likely to find strip mining? In which coal 
fields would you find underground mining? 
Give reasons for your answer. 

2. What method of mining do you find in the coal 
mines in Cape Breton? Give reasons for your 
answer. 

3. What is the most economical method of mining 
coal? Why? 

4. “Not every coal deposit becomes a coal mine.” 
Think of as many reasons as you can whya 
deposit of coal deep in the mountains of the 
Yukon might never become a coal mine. 

5. Refer to the graph. About what percentage of 
the coal resources in Canada is found in each 
province? 





The Coal-Preparation Plant 


The raw coal that is brought out of the mine is not 

ready to sell. It is a mixture of sizes from dust to 

large chunks, and it contains pieces of rock. Coal 

buyers want pieces of coal that are the same size 4 
and free of material that won't burn. 
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STOVE COAL EGG COAL LUMP COAL REFUSE 
5-8 cm 8-13 cm OVER 13 cm BIN 

1. The coal-preparation plant does two main 
things to raw coal. What are they? 

2. What keeps the coal moving through the system 
once it drops from the conveyor? 

3. Assume that the plant shown in the diagram 
gets more orders for stoker coal than can be 
supplied by the sorting machinery shown. 

: “= : What could be done to make sure there would 
VERY FINE COAL STOKER COAL NUT COAL be enough stoker coal? (One part of the 
TO6 mm 6-25 mm 2.5-5 cm diagram is missing.) 
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Impact on the Environment 


Strip Mining 

It is impossible to recover coal by strip mining mining are on the environment and to consider 
without tearing up the landscape. What is what can be done to reclaim the land when the 
important is to find out what the effects of strip mining operation is complete. 
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A hole dug in grassland will have a soil profile 
like the one shown in the diagram to the right. It 
has a thin (10 cm to 25 cm) layer of dark topsoil on 
top. Below the top layer is a lighter colored mixture 
of sand, light soil, clay, and gravel. The plant life 
that supports insect, bird, and animal life 
depends on this thin layer of soil. Few plants will 
grow in the subsoil. 


TOPSOIL 10 cm TO 25 cm 





This is the landscape before mining begins. 


Trees and buildings are cleared. The water table 
is lowered by pumps. 


The overburden is removed to make the first 
trench. The spoil is placed nearby. Exposed coal 
is dug out and hauled away. 





SOIL REPLACED 





As more overburden is removed, it is placed in the 
trench. 


LAND RESHAPED 
=~ — 
LAND RECLAIMED 
Trees and grasses are planted. The land has 
been reclaimed. 


1. What effect will rainfall have on the piles eee ro oles Gfapoll © 4 Yaurm boc Gelaies a..fsest@ommsetvoan spoil 


during the life ofa mine? 4. How would strip mining affect the air? 


2. How is a strip-mining operation likely to affect 5. The diagram of stages in the mining and 
nearby streams? reclaiming of a strip mine shows an imaginary 
3. Water is needed in the coal-preparation plant to strip mine. Have all the bad effects of strip 


wash the raw coal. Where would the water come 
from? What could be done with the used water? 
What would the used water be like? 


mining been corrected in this example? Are 
there any additional improvements that could 
be made? 
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Impact on the Environment 
Underground Mining 


Unlike strip mining, an underground-mining 
operation keeps most of its effects deep in the 
mine, out of sight. Still, underground mines have 
an effect on the environment at the surface. 

Rock must be dug out and brought to the 
surface whenever it interferes with the mining at 
the coal face. At the surface, the coal and rock are 
sorted and the rock refuse is discarded. Over the 
years these piles of refuse grow into large ugly 
dumps. 

Water that is sprayed in the mine to keep down 
the coal dust, or water that has leaked into the 
mine, must be pumped to the surface and 
disposed of. Because it has come in contact with 
coal, this “black water” will be high in acid and 
dangerous to lakes and streams unless it is 
treated. 
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The greatest effect an underground mine can 
have on the environment fortunately rarely occurs. 
When the mining operation is finished, there are 
many empty tunnels and rooms below ground. The 
rock roofs in these caverns are supposed to be 
strong and stable, but sometimes the pressure 
overhead is too great and the roofs collapse. When 
this happens, everything above the mine is carried 
into a wide, deep hole. 


1. Compare the advantages and disadvantages of 
strip mining and underground mining as they 
affect the environment. 

2. In which kind of mine is the miner at greater 
risk? Why? 
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Using Energy from Coal 
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As mentioned earlier, coal was replaced as a 
heating fuel in Canada when the Canadian 
petroleum industry expanded rapidly in the early 
1950s. 

These graphs trace the changing patterns in the 
use of coal in Canada from 1950 to 1980. 
1. In 1950, the railways used over 20% of the total 

production of coal for steam locomotives. 
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Explain what happened to this use of coal by 
1980. 

Home and factory use of coal dropped sharply 
from 1950 to 1980. Explain what happened. 


. The heat energy stored in coal can be used to 


produce electricity. About what percentage of 
the coal mined in Canada is now used to 
produce electricity? 
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4. About what percentage of coal in Canada is Some coal is baked to make coke, a necessary 


used for making steel? ingredient in making steel. The diagram shows a 
5. The graph for 1980 shows that we are now blast furnace, where iron ore is melted and 
exporting about 30% of our coal to other refined. 


countries. Find out which countries are the 
buyers. What is the coal used for? 

6. It is surprising that about 50% of the coal we 
use in Canada is imported. Coal from Alberta 
and British Columbia is exported to other 
countries, but Ontario imports coal from the 
United States. How can this make sense? (Try 
to answer this question from what you already 
know about the way coal is used and about 
where coal is found in Canada.) 

7. Why did coal mining not die out in Canada 
when oil and natural gas became widely used as 
heating fuels? 


@) 





WATER IS TURNED 
TO STEAM 


COAL IS BURNED 
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TURBINE TURNS ELECTRICITY 
A GENERATOR IS PRODUCED 


THE ELECTRICITY IS DELIVERED TO US 
BY WIRES ON TRANSMISSION TOWERS 


The furnace is loaded with iron ore, 





os a 

Wek limestone, and coke. The coke is set on fire. 

Ph B Blasts of hot air are blown into the furnace. 

mK C The terrific heat melts the iron ore. 

pan D The melted iron sinks to the bottom of the 

4p. furnace. 

E Melted impurities float on the pool of iron. 

PRODUCING ELECTRICITY FROM COAL F The iron is drained off and made into steel. 
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Activity 
How Is Coal Refined? 
You know that coal is a source of heat energy. What 
may be new to you is that coal has a surprising 
variety of other uses. The following activity shows 
how coal can be broken down into different 
substances. 

Because coal becomes very hot when heated, 
your teacher will perform this activity asa 
demonstration, with you acting as an observer. 


MATERIALS Your teacher will need bituminous 
coal, 2 large Pyrex test tubes, a single-hole rubber 
stopper, a double-hole rubber stopper, a beaker, 
some glass tubing, a retort stand, clamps, a 
Bunsen burner, a mortar and pestle, a candle, and 
a pair of safety goggles. 

PROCEDURE (to be followed by your teacher) 
Grind a sample of bituminous coal using the 
mortar and pestle. Fill a large test tube one-third 
to one-half full of powdered coal. 

Fit a one-hole stopper with glass delivery tube 
into the test tube. Clamp the test tube to the retort 
stand as shown in the diagram. 

The other test tube will be the condensing tube. 
Pour 5 to 10 mL of water into the tube and fit it 
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with the double-hole stopper. Assemble with the 
other apparatus as shown in the diagram. 

Set the condensing tube into a beaker filled with 
cold water. 

With the Bunsen burner, vigorously heat the 
tube containing the coal. (Safety goggles should 
be worn for this step.) You are to watch for 
condensation in the condensing tube anda 
breakdown of the coal. 

While heating the coal, arrange a burning 
candle so that the flame is slightly below the gas 
jet 

When the coal seems to have all been burned, 
allow the apparatus to cool. 

Remove the coke deposit from the heating tube 
and hold a piece of it over a burner flame. Attempt 
to set it on fire. You are to compare the way the 
coke burns with the way a small piece of 
bituminous coal burns. Record your observations. 
OBSERVATION What happened to the coal gas as it 
came out of the glass tubing? How did the coke 
burn in comparison to the bituminous coal? 
CONCLUSION What are the three major products 
resulting from the distillation of coal? Briefly 
describe each product. 

Define the term destructive distillation. 
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The distillation of coal is now a major industrial 
process. The baking process is carried out in coke 
ovens. These are rectangular brick structures, 
about 40 m long, 12 m high, and 0.5 m wide. 
Usually 50 to 80 ovens are built side by side with 
narrow heating chambers between them. The 
ovens are filled with bituminous coal, about 20 t 
per oven, and then the coal is heated strongly 
(about 1400°C) for many hours. 

During heating, the coal softens to a thick tar. 
Bubbles of gas and other vapors escape through 
outlets at the top of the oven. Coal gas and coal tar 
are extracted from these vapors. When the baking 
process is complete, doors at the ends of the ovens 
are opened and a ram pushes the hot coke intoa 
nearby railway car (as shown in the photograph to 
the right). The coke is then drenched with water to 
prevent it from burning away. 

The distillation process usually results in about 
76% by mass of the coal becoming coke, 17% 
becoming coal gas, and about 7% being converted 
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Impact on the Environment 
Acid Rain 


When we burn coal, we get heat which we want 
and need. Unfortunately, we also get a few things 
we don’t want in the smoke that rises up the 
chimney. Smoke is a mixture of gases and tiny 
solid particles. 


water vapor 
carbon dioxide 
carbon monoxide 
sulfur dioxide 
nitrogen dioxides 
fly ash 


GASES 


— SOLID PARTICLES 


The gases, sulfur dioxide and nitrogen dioxides, 
are the most harmful part of smoke. These gases 
float through the air, sometimes for many 
kilometres, before they combine with drops of 
water and fall as acid rain or acid snow. This isa 
very weak acid. It wouldn’t burn skin. In fact, one 
usually wouldn't be able to tell acid rain from 
normal rain, but over the years acid rain does 
great damage. 

The strength of acid is measured on a scale like 
this, called the pH scale. The most powerful acids 
are at the bottom of the scale. The powerful 
alkalis, such as lye, are at the top of the scale. Pure 
water in the middle of the scale is neutral—it is 
neither acid nor alkaline. 

The pH scale is different from other scales you 
have seen. Each numbered point on the scale is 10 
times stronger, or 10 times weaker, than the point 
next to it. 

The point in the middle of the scale is pH 7. An 
acid at pH 6 has ten times the acid of pure water at 
pH 7. This would be a very weak acid. The change 
from pH 7 to pH 6 does not require much acid. 

An acid at pH 5 on the scale has ten times more 
acid than pH 6, but ten times ten, or one hundred 
times, more acid than pH 7. This is a slightly 
stronger acid. 

You can see that “normal” rain is already slightly 
acid. “Acid” rain is rain that is more acid than 
this. The most acid rain on record fell in Scotland 
a few years ago. It tested at pH 2.5, the same as 
vinegar. 
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Activity 
Is Itan Acid or a Base? 


Acids can be defined as substances that taste 
sour. The chemistry of some acids makes them 
mild, like the citric acid of an apple. Other acids, 
like sulfuric acid, are strong by nature. Sulfuric 
acid is a powerful corrosive —it can eat holes in 
sweaters and jeans, and it will burn skin. 

Bases (also called alkalis) are substances that 
taste bitter and are slippery to the touch in water. 
As with acids, some bases are mild and harmless. 
Strong bases, such as lye, are dangerously 
corrosive. 

In doing this activity, you should follow these 
safety precautions. 

1. Work only with the weaker acids and bases. 
You can get the same information from them as 
from the strong acids and bases but without 
the risk. 

2. Even strong acids and bases lose their strength 
if diluted in enough water. First aid for anyone 
exposed to strong acids or strong bases is to 
wash immediately in water—lots of water. 

3. Use only clean test tubes and never mix any of 
the materials together. 


MATERIALS You will need some baking soda, 
chlorine bleach solution, vinegar, ammonia, 
cleaning powder, ASA tablets, fruit juice, a soft 
drink, salt, salad oil, distilled water, red and blue 
litmus paper, 1 test tube for each specimen, and 1 
test-tube rack. 
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PROCEDURE You can make a convenient rack to 
hold the test tubes by cutting one face from a milk 
carton, as shown. 

It is very important that you can tell at all times 
what is in each test tube. Invent a labelling system 
of your own for the test tubes and the specimens. 

Fill each test tube about one-half full of the 
solution to be tested. If some materials are solids, 
dissolve them in water. 

Drop a small strip of red litmus paper into each 
test tube, one at a time. (You can use litmus paper 
only once.) Keep a record of what you see. 

Repeat the process with strips of blue litmus 
paper. 

OBSERVATION Complete a table of results, similar 
to the one here. 
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CONCLUSION Use the following information about 
litmus paper to complete your table of 
observations. Identify each of the specimens as 
acid, base, or neutral (no effect on either litmus 
paper. ) — 

Acids turn blue litmus paper red, — 

but have no effect on red litmus. — 


Bases turn red litmus paper blue, — 
_ but have no effect on blue litmus. — 
Lele c Sects sey I a A 





Activity 
What Happens When 
an Acid and a Base Are Mixed Together? 


MATERIALS You will need a test tube half full of an 
acid solution (vinegar), a solution of a base 
(baking soda in water), litmus paper, and an 
eyedropper. 


PROCEDURE, OBSERVATION, and CONCLUSION Set 
up the test tube containing the acid in a test-tube 
rack. Test with blue litmus paper. 

With the eyedropper, add 3 drops of baking-soda 
solution to the acid. Test the result with blue 
litmus paper. 

Repeat the procedure. Keep a record of the 
number of drops of base you used. 

Watch the change in the litmus paper. As the 
change becomes weaker, use only 1 drop of the 
base at a time. 





You will reach a point when there is no change in 
the blue litmus paper. Test with red litmus paper. 
If again there is no change, the solution in the test 
tube is neutral. The acid vinegar has been 
neutralized by the base. 

Record how many drops of base were used to 
neutralize the acid. 

Would you get the same result —a neutral 
solution—by starting with a base and adding an 
acid? Would it take the same number of drops? 
How would you find out? 


What Kind of Damage? 


The effects of acid rain are still being investigated, 
but some are known. Acid rain in a lake does not 
make a sudden change. Dead fish do not suddenly 
one day float to the surface. What happens as the 
acid levels increase is that the plant and fish life in 
the lake slowly decrease and gradually disappear. 
Finally, the lake becomes beautifully clear, and 
totally lifeless. 

The effects of acid rain on soil, crops, and trees 
in Canada are still being investigated. You can see 
how important this information is to all of us 
when you look at the narrow range of water on the 
pH scale that plants can tolerate. We know that sea 
water, at pH 8, is too alkaline for plants that grow 
on land. It is not yet known how acidic the rain 
can be without harming the soil that grows food. 

Acid rain is named as the cause of each of the 
following conditions: 

e 140 lakes in Ontario have been declared “dead” 
and 48 000 other lakes are “dying” 

e 100 lakes in the Adirondack region above the 
elevation of 700 m are “dead” 

e salmon are dying off in Nova Scotia streams 

e forest growth in Sweden is 10% slower than 
normal 

What was “normal” rain like a long time ago? 
Snow that falls on glaciers every winter makes a 
pattern in the ice comparable to the annual 
growth rings in the trunk ofa tree. Scientists 
recovered some snow that fell in Europe two 
hundred years ago by digging deep into a glacier. 
They melted the ice and measured its acidity. It 
tested nearly neutral on the pH scale. 

What has happened to change “normal” rain 
from the neutral position of two hundred years ago 
to the present position on the pH scale? 
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Activity 
Does Acid Rain Kill Plant Life? 


It is claimed that acid rain kills plant life in lakes. 
You can test this statement by carrying out an 
experiment. 

The first step in an experiment is to express 
what you want to find out in a statement such as 
“Acid rain kills plant life in lakes.” 

The next step in an experiment is to gather the 
equipment and materials you will need. Sincea 
Canadian lake is too big to experiment with, you 
can make “models” of the lake. 


MATERIALS You will need 4 large jars or 
aquariums the same size, an aquatic plant such as 
elodea, an eyedropper, a beaker, and sulfuric acid. 
(Sulfuric acid is a powerful acid. Use it only with 
your teacher's permission and supervision.) 

The 4 aquariums will each represent a lake. 
Elodea is not the only plant that grows in our 
lakes, but it is a very common water plant across 
Canada. Sulfuric acid is one of the ingredients of 
acid rain. 

PROCEDURE Label the containers Lake 1, Lake 2, 
Lake 3, Lake 4. Lake 1 is the control in this 
experiment. It will represent a Canadian lake with 
plants that will never be touched by acid rain. 
Whatever happens in the other three lakes can be 
compared with Lake 1. Without this control, it 
would be impossible to be certain about any 
changes you see in Lakes 2, 3, or 4. 

Find out how many litres of water you intend to 
put in each container. Record this amount. 

Fill the 4 lakes with water. 


Lakel Donotadd anything. 

Lake2 Foreach 10 Lof water, add 1 drop of 
sulfuric acid. This will make Lake 2 
about pH 6.0. 


Lake3 For each 10 Lof water, add 10 drops of 
acid. This will make Lake 3 about pH 5.0. 

Lake 4 Foreach 10 Lof water, add 100 drops of 
acid. This will make Lake 4 about pH 4.0. 

Stir to mix the acid in the 3 lakes. 

Add the elodea plants. What care should you 
take with the elodea plants? 

Plants like elodea are affected by the amount of 
sunlight they receive and by the temperature of 
the water. If one of your lakes gets less sunlight 
than the others, the elodea will be affected. If one 
lake is too cold, the elodea will be affected. To make 
sure that the results of your experiment are 
accurate, you must control these variables — 
sunlight and temperature—by making sure that 
each lake gets the same amount of sunlight and 
heat. If you do this, and there is a change in the 
plants, you will know what caused it. Set the 4 
lakes in a suitable place. 

OBSERVATION Set up achart similar to the one 
shown here to record your observations. Examine 
the condition of the plants in each lake and write a 
brief description of each. 





Observe the plants every third day for a period of 
two or three weeks. Pay attention to the condition 
of the edges of the leaves. Each time, record the 
appearance of the plants in each lake. 

CONCLUSION Did the sulfuric acid have any effect 
on the plants? What was it? Did the amount of 
acid (concentration of acid) have different effects? 
Do you know for certain that all lake plants will be 
affected by acid rain? Explain your answer. 
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Who Is to Blame? smokestack, A or B, will allow the greatest 
dispersion of smoke? 


Coal is not the only source of the harmful gases 4. Scrubbers are very expensive and there are a lot 
that cause acid rain. Whenever any of the fossil of smokestacks in the country. Should we 

fuels —coal, oil, natural gas—are burned, sulfur install scrubbers on every smokestack? Who 
and nitrogen oxides are released into the air. This should pay for this? 


means that every day the exhaust from millions of 

vehicles and home furnaces contributes to air 

pollution. Other sources are the iron, copper, and 
nickel smelters that extract the valuable metals 
from the ore. 

This is the position we are in at this time: 

e We expect to have unending amounts of 
electricity in our houses for light, and heat and 
power for appliances. To fuel electricity- 
generating plants, every province burns some 
coal. 

e We want our factories to manufacture all kinds 
of things for us to admire and buy. These 
factories depend on the metal smelters for raw 
materials and they must have electricity for 
power. 

e We want to drive our vehicles anywhere we like The smokestacks shown here 
at any time it suits us. Every engine that is are drawn toscale. 
operated, even the new vehicles that have 
pollution controls, sends sulfur and nitrogen 
oxides into the air. 


What Can We Do About Acid Rain? 


Here is one answer: The smokestack that sends 
the harmful gases and particles into the air can be 
built much taller than usual. 

Another answer to the smoke problem is to remove 
the impurities from the smoke before they go up 
the smokestack with a device called a “scrubber.” 


1. “What goes up must come down.” Where is the 
smoke from smokestack A likely to come down 
in comparison with the smoke from 
smokestack B? Assume that the same kind of 
smoke is rising up both smokestacks. 

2. Do you agree with this solution to the problem 
of smoke that causes acid rain? Explain your 
answer. 

3. Smoke can be seen as it leaves a campfire, but 
it soon disappears. This is because the gases 
and particles disperse or scatter through the 
air. Because they are so spread out, they 
become invisible to our eyes. Which 
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Energy from Petroleum 


What Is Petroleum? 


Both natural gas and crude oil are forms of 
petroleum. The origin of natural gas and crude oil 
is believed to be the remains of tiny plants and 
animals which sank to the bottom of ancient seas, 
from twenty million to three hundred and fifty 
million years ago. Layers of mud and sand slowly 
piled up and changed into sedimentary rock. 
Under pressure, heat, and the action of bacteria, 
the organic (once-living) material slowly changed 
into petroleum. 

Some sedimentary rocks, such as limestone and 
sandstone, are porous. Porous rock has tiny pores, 
or spaces, between the rock grains. Under 
pressure, fluids like crude oil and natural gas will 
move through porous rocks. As petroleum forms, 
it moves upward through porous rock until it is 
trapped under impermeable rock. Impermeable 
rock has no spaces for fluid to flow through. 
Wherever petroleum gathers in large amounts, it 
can be removed by drilling a well. Since the 
petroleum deposits, or “traps,” are far below the 
surface, drilling is the only way to be sure where 
petroleum is located, and how much there is of it. 


1. Why is crude oil called a fossil fuel? 

2. What is organic material? 

3. Which of the following are fluids: oxygen, milk, 
coal, carbon dioxide, water vapor, natural gas, 
molasses, tooth paste? 

. Why is crude oil found in sedimentary rocks? 

5. Why is salt water often found with crude oil 

deposits? 

6. Why are crude oil and natural gas usually found 

together? 

7. Why is no one certain how much petroleum is 

still in the ground? 


> 
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When these campers shout “Hello” across the lake, the echo comes back 4.5 s later. The campers know 
that sound travels through air at about 344 m/s (metres per second). How far is it across the lake? 


Where Is Petroleum Found? 


Locating oil and gas is the task of geologists. 
Geologists study rock outcrops and make maps of 
rock formations. When they find a promising 
location, a seismic survey is made. 

The seismic survey uses the echo principle. At 
one time on a hike you may have shouted in the 
direction of a rock wall or mountain and heard 
your voice repeated in an echo a few seconds later. 
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The sound you make by shouting travels in waves. 
If the waves meet a solid surface, they bounce back 
and you hear the sound of your voice. 

Oil workers drill a hole and set off a small charge 
of dynamite. Waves spread down through the 
different rock formations and are bounced back. 
At the surface, a sensitive geophone records the 
signals and the time it took them to arrive. From 
this information, geologists can make diagrams of 
the rock formations that lie far below the surface. 


DYNAMITE 
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Drilling for Petroleum 


Oil is usually trapped underground where it 
cannot be seen. Small exploratory wells are drilled 
to search for oil, and if oil is found, heavy drilling 
equipment is moved to the scene. 


Derrick This is the large frame that holds the 
drilling bitand equipment. Steel pipes about 9 m 
long are stacked inside the derrick, ready for 
drilling. 


Drilling bit To begin drilling, a drilling bit is 
attached to the drill pipes. A powerful engine 
turns the drilling bit and pipes driving them into 
the rock. As the drilling bit drills more deeply, 
more drill pipes are added. A mixture of mud, 
clay, and chemicals is used to cool the drill bit 
which can become very hot from rubbing against 
hard rock. The rubbing or friction also causes the 
drilling bit to wear out. If the hole is very deep, 
and many pieces of drill pipe have been used, 
changing the drilling bit can take six hours or 
more. 


Casing pipe When the drill hole is completed it 
is lined with casing pipe. The well is now ready 
to produce oil. 


Christmas Tree These valves control the flow 
of oil from the ground. If the oil does not flow 
naturally, it must be pumped up. 


Pipeline Oil is usually moved by pipeline to 
refineries. 





Activity 
How Does an Oil Well Work? 
This model oil well will help you to demonstrate 


why crude oil often rises up the well without 
pumping, sometimes under terrific pressure. 


MATERIALS You will need a large jar with a wide 
mouth, a plastic straw, some grease or Vaseline, 
small pebbles or aquarium gravel, a salt solution, 


plaster of Paris, and some oil. Old motor oil will do. 


If you want it clear, collect it ahead of time and let 
it stand. 
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PROCEDURE, OBSERVATION, and CONCLUSION Coat 
the top half of the jar on the inside with grease or 
Vaseline. 

Fill the jar half full with pebbles or small gravel. 

Pour in salt solution to a depth of 3 or 4 cm. 

Add oil until it comes within 1 cm of the top of 
the gravel. 

Push the straw into the gravel until it is about 
midway in the layer of oil. 

Mix a batch of plaster of Paris so it is easy to 
pour. (Your teacher may prefer to mix this for you 
ahead of time. ) 

Pour a 3 or 4 cm layer of plaster over the gravel. 

Set the jar aside until the plaster is dry and 
hard. 

The dry plaster represents an impermeable layer 
of rock over an oil trap. Press down firmly on the 
plaster to represent the mass of thousands of 
tonnes of rock. 

Watch the straw. What happens? Why? 


Offshore Drilling 





This photograph shows drilling casing onan 
offshore-drilling rig. 


Drilling platforms must be very sturdy because of 
high waves and strong winds at sea. However, they 
can be towed away from danger when they are 
threatened by icebergs. 
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UNDERSEA MINING 
SIDE VIEW OF OCEAN-DRILLING 
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Drilling platforms are built in port and then 
towed into place. At the site, the legs are flooded 
and the platform sinks until the legs rest on the 
bottom. Equipment is mounted on the platform 
and drilling is ready to begin. 

What do you think the helicopter shown here is 
used for? Why is this so? 
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This impressive piece of ice is a major threat to 
drilling operations off Canada’s northeastern 
coasts. Icebergs usually move through the water 
slowly—about1 kman hour. Why do you think 
they are so dangerous? How would you solve the 
problem of a producing oil well separated from 
the oil refinery by 300 km of deep water and 
icebergs? Be as inventive and creative as you 
can. 
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The Oil Sands 


In three locations in Alberta, there are thick beds 
of petroleum that are believed to be the largest 
deposits of their kind in the world. It is estimated 
that of the 953 000 000 000 barrels of petroleum 
in the ground, 25% or 250 000 000 000 barrels 
can be recovered. That huge amount of oil should 
end any oil shortage in Canada, but there isa 





OIL SANDS IN ALBERTA 


AVERAGE THICKNESS 50 m 


problem —the petroleum is in the form of thick tar 
mixed with sand. The oil sands have been known 
for along time, but the problem of separating the 
oil from the sand has baffled everyone until now. 

The tar-like form of petroleum in these deposits 
is called bitumen. It will not flow and it cannot be 
pumped. Special methods are being developed to 
recover the bitumen. 
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Activity 
What Happens in the Process of 
Extracting Oil from the Oil Sands? 


MATERIALS You will need a balance, a large tin can 
(soup-can size), a small tin can (fish-can size), 
sodium hydroxide, a source of heat (Bunsen 
burner or candle), a thermometer, an oil-sand 
sample, and some plastic spoons. 


PROCEDURE Put 100 g of tar sand into a large tin 
can. 

Dissolve 0.2 g (1 pellet) of sodium hydroxide in 
300 mL of water. Add to the oil-sand sample. 

Heat the mixture gently until it begins to 
separate. The temperature used in industry is 
about 80°C. You may need to blow bubbles 
through the mixture at temperatures below the 
boiling point of water; the air bubbles cling to the 
bitumen and cause it to float. 

Find the mass of the small tin can. 

Skim off any bitumen that rises to the surface 
and put it in the small can. This is messy work, so 
try to find a way that works for you. Skim off as 
much bitumen as you can. 

Let the bitumen cool and harden. Pour off any 
water. 

Let the bitumen dry overnight. 

Pour the water off from the sand. Discard the 
water. 

Let the sand dry overnight. 

Find the mass of the bitumen you recovered. 
Find the mass of the bitumen plus the can. 
Subtract the mass of the can, which you recorded 
earlier. 

Find the mass of the leftover sand. 









SMALL 
TIN CAN 
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OBSERVATION Complete a table of observations in 
your notebook. 


y 


A B 


MASS OF MASS OF |l MASS OF 


BITUMEN \|LEFTOVER SAAD 





ee 
PERSE Sire ee 


Percentage Mass of bitumen 
of bitumen + sand 
recovered B4G 

B x 100 
A 


CONCLUSION Why do you think bubbling air would 
be helpful in separating bitumen from oil sands? 
Did you notice any effect from bubbling air in your 
experiment? 

Compare your percentage of bitumen recovered 
with the percentages of other groups in the class. 
Explain possible reasons for any difference. 

Compare the mass of dry sand plus dry bitumen 
to the mass of the original sample. Explain any 
gain or loss. 

Examine the bitumen that you have produced. 
Compare its flowing ability to that of other liquids 
like water and oil. What are some other liquids 
with similar flowing characteristics? 

Liquids that flow slowly are said to be viscous or 
to have a high viscosity and we would say that the 
bitumen is very viscous. What are some ways that 
the viscosity of the bitumen could be reduced? 
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the surface, so the oil sands can be strip mined, 
the bitumen extracted and then upgraded. 





Mining The overburden of muskeg, sand, and 
clay is stripped away to expose the oil sands. A 
huge dragline digs out the sand. A bucketwheel 
moves the sand from stockpiles to a conveyor 
belt, which takes the sand to the extraction plant. 





Extraction The oil sand is mixed with hot 
water and steam to thin the bitumen and 
separate it from the sand. The leftover sand 
tailings are hauled toa dump. 


SAND GRAINS 
AND WATER FILM 







BITUMEN 


Each tiny grain of sand is enclosed in a film of 
water. When the oil sand is made hot enough, 
this film of water explodes and the grain of sand 
is released. 


Upgrading The bitumen is treated with heat 
and chemicals to make a thinner oil. Some 
sulphur and nitrogen compounds are removed. 
This upgraded oil is called synthetic crude oil 
and is now ready for the refinery. 
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At Cold Lake, Alberta, the oil sands are buried HUFF AND PUFF 
450 m below the surface, too deep for strip 
mining. Here experiments are still going on with 
in situ or “on the spot” methods, where the oil and 

WATER 
the sand are separated right in the ground. AND OIL 


FIREFLOODING 


OVERBURDEN 


OVERBURDEN 


LIMESTONE 


LIMESTONE 





Fireflooding Two wells are drilled to the oil 
sand. A fire is started at the bottom of one well 
and air is pumped down to keep the fire going. 
When the bitumen melts, it is pumped to the 
surface by the second well. Huff and Puff A single well is drilled to the oil 





STEAM INJECTION sand. Hot steam is pumped down the hole. This 
is the “puff’ stage. Then the steam is shut off. The 
MUR CERN. Ol. STEAM IN melted bitumen and condensed water is pumped 
TO SEPARATOR ‘(pene back out. This is the “huff” stage. 


1. On the average, how thick are the oil sands in 

OVERBURDEN Alberta? 

2. Define the terms: oil sand, bitumen, tailings, 
synthetic crude. 

3. What are the two main methods of mining the 
oil sands? 

4. Briefly describe the two methods of oil recovery 
in the sands. 

5. What are the advantages of one method of 
recovery over the other? 

6. What problems would you expect to be 
associated with the in situ methods of 





Steam Injection Two wells are drilled to reach recovery? 

the oil sand. Very hot steam is forced down one 7. Do you think oil from the oil sands would cost 
well. The melted bitumen and condensed water more or less than oil from conventional wells? 
are pumped to the surface by the second well. Why? 
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Moving Petroleum separate the crude oil into gasoline, heating oil, 
and other products that we depend on. 

In the early days of the oil industry, oil was 
moved from the oil fields to the refineries in 
wooden barrels that were loaded onto boats or 
hauled on horse-drawn wagons. Today oil is 
transported across oceans and lakes in tankers. 
On land, oil is moved in tank trucks, railway tank 
cars, and most importantly, through pipelines. 


Petroleum is one of the most useful raw materials 
ever discovered. It provides fuel and lubrication for 
millions of vehicles, it keeps millions of people 
warm, and it is the base material for hundreds of 
petrochemical by-products. The crude oil that is 
pumped out of the ground, however, is not of 
much use. It is the refineries, which are often 
thousands of kilometres from the oil fields, that 
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Pipelines 


On land, pipelines are the most efficient way of 
moving large amounts of oil or natural gas. They 
can operate day and night all year long. There are 
over 248 000 km of petroleum pipelines in 
Canada. 


When construction begins, a ditch-digger 
machine opens a trench. The lengths of pipe, 
usually 10 m to 20 m long and up to 1.2 min 
diameter, are welded together. Then the pipe is 
wrapped with asphalt and fiberglass to prevent 
corrosion, and lowered into the trench. 

Pumps at stations along the line move the crude 
oil through the pipe at about 4 km/h. Different 
grades of crude oil can be sent through the same 
pipeline in “batches.” As long as the oil is kept 
moving, there is very little mixing where the 
batches meet. 

Builders of pipelines have to cope with very 
different problems when they build in mountains, 
permafrost, or the Canadian Shield. 

A pipeline cannot rise upward or dip downward 
too abruptly. Sometimes, in the mountains, deep 
trenches must be dug through high land and low- 
lying land must be filled in. 
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If one travels far enough north, one reaches the 
area of permafrost. The soil here never thaws out. 
In summer, the frost melts in the top few 
centimetres of soil, but down below, the ground is 
frozen solid with permanent frost. 

Since the climate is cold for most of the year, the 
crude oil must be heated to keep it fluid. However, 
the heat that keeps the oil moving also melts the 
surrounding permafrost. One answer to this 
problem is to find a pipe insulation that is heavy 
enough to keep all the heat in. Another answer is 
to raise the pipeline above ground by building 
supports for it every few metres along the route. 
This keeps the pipeline away from the permafrost, 
but it puts the pipe in danger every fall and spring 
when the ground heaves unevenly because of frost. 

A third kind of terrain that is difficult to build in 
is the Canadian Shield. This immense rock 
formation stretches across Quebec, Ontario, and 
the northern parts of Manitoba and 
Saskatchewan. The rock is hard granite and often 
lies close to the surface. Pipeline builders 
sometimes.have to make a trench by blasting, and 
other times bring in enough fill to cover and 
protect the pipeline. Either alternative makes 
construction slower and more costly. 













. Why is a pipeline the most efficient way to 
transport petroleum across land? 
2. The petroleum field is at one end of the 
pipeline. What will determine where the other 
end of the pipeline will be? 
3. What reasons would a pipeline company have 
for burying a pipeline? Why not save the 
expense and let the pipeline lie on the ground? 
4. Before a pipeline trench can be dug across 
publicly or privately owned land, what do you 
think must be done by the oil company? 
5. There are oil fields near Edmonton and 
refineries near Toronto. The distance between 
them is about 3100 km. At 4 km/h, how long 
would it take crude oil to flow from Edmonton 
to Toronto? 
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PERMAFROST 






. More pipelines for oil and natural gas are being 


built or extended at this time in Canada. 
Explain why. 


. Some Canadian pipelines go south of the Great 


Lakes through the United States. Why were 
they not built entirely on Canadian soil? 


. What geographical features will builders of the 


proposed new gas and oil pipelines have to cope 
with? 


. Routine inspections are made along the entire 


length of pipelines by helicopter. What would 
the observers in the helicopter be looking for? 
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Tanker Ships 


Some of the crude oil refined every day in Canada 
comes from oil wells in other countries. The crude 
oil is moved to Canadian refineries by tanker ship. 
A tanker is just what it sounds like —a huge 


floating tank with an engine to move it and acrew 
to steer it. 







CREW’S 
QUARTERS 





ENGINE 
ROOM 


OFFICERS’ QUARTERS, 
NAVIGATION, STEERING 


Modern tankers are now the biggest ships in the 
world. The latest supertankers are longer than 
three football fields. They have such a deep hull 
and need so much space to stop and turn that only 
a few ports can accept them. The supertankers 


were built to carry huge quantities of crude oil at 
the lowest cost. 








COMPARTMENTS FOR 
OIL CARGO 


It is possible—and cheaper—to build a tanker with just one huge cargo space. Think of some reasons 
why the cargo space in the tanker is divided into sections. 
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Distillation and the Fractionating Tower 


Crude oil is a mixture of thousands of different 
compounds. Most of them are liquids, some are 
dissolved gases, and there are even some solids. At 
the refinery, the mixture is sorted out and 
changed into over 1000 different products. These 
products include waxes, greases, asphalts, 
lubricating oils, several grades of gasoline, and 
diesel, domestic, industrial, and heavy fuel oils. 

Beyond these products, there is a mixture called 
petrochemical feedstock which is used to make 
synthetic fabrics, plastics, drugs, and many other 
items. 

The first step in refining crude oil is distillation. 


Activity 

What Happens in the Distillation Process? 
In this activity you will see if, in a mixture of 
marble chips, alcohol, and water, the alcohol and 
water will evaporate at different rates. (Your 
teacher may prefer to demonstrate the distillation 
process, with you acting as an observer. ) 


MATERIALS Either you or your teacher will need 
water, methyl alcohol, marble chips, a condenser, 
a flask (with two-hole stopper), a beaker, a Bunsen 
burner, a thermometer, a clamp, a retort stand, 
and a cold-water tap and sink. 


PROCEDURE Heat the mixture of marble chips, 
alcohol, and water gently, until the thermometer 
rises to 80°C. Reduce the heat slightly, if 
necessary, to keep the temperature between 80°C 
and 85°C. 

Drops of liquid will gather in the condenser. 
Collect them in a beaker. Observe the appearance 
and odor of the liquid. 


BEAKER 


Pour a few drops of the test liquid onto a 
fireproof surface such as a saucer. Bring the 
lighted splint to the drops of liquid. If the liquid 
catches fire, allow it to burn itself out. (Always 
assume that the liquid to be tested may burn. Be 
ready for a flame. Use a small quantity of liquid 
when you do this test.) 

When the liquid stops dropping from the 
condenser, increase the heat on the mixture in the 
flask. Observe the thermometer. Keep the flask 
temperature in the range of 95°C to 100°C. 

Drops of liquid will again form in the condenser. 
Collect them in a clean beaker. Observe the 
appearance and odor of the new liquid. 

Test as before to find out if drops of this liquid 
will burn. 

OBSERVATION Complete a table of observations in 
your notebook. 
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At what temperature did the mixture begin to 


boil the first time? What caused the evaporating 
liquid to condense? 

CONCLUSION Was Liquid 1 water or alcohol? How 
do you know? Why did Liquid 2 remain in the flask 
while Liquid 1 collected in the beaker? 
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When crude oil arrives at the refinery, the first 
step is to separate the crude oil into its parts, or 
fractions, by heating the oil ina furnace. As the 
temperature of the oil rises, the boiling points of 
the different fractions are reached. One after 
another, they turn into vapor and flow to the 
fractionating tower. This tall steel column is 
heated so that the top is cooler than the bottom. 
Vapors enter the heated part. They swirl up the 
tower and begin to cool. Each fraction remains a 
vapor until it reaches its boil/condense 
temperature and then it turns into a liquid. The 
liquids are drawn Off at various levels of the 
fractionating tower. 

The thin, light fractions (gasoline) that turn 





FRACTIONATING TOWER 


CRUDE-OIL 
VAPORS 
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into vapor at low temperatures rise to the cooler 
top of the tower, where the low temperatures are, 
before they condense. The thick, heavy fractions 
(fuel oil) that turn into vapor at high temperatures 
also turn back into liquids at high temperatures. 
They condense near the bottom of the tower. 


1 


If the distillation apparatus used on page 45 
had been arranged like the fractionating tower, 
which product—Liquid 1 or Liquid 2— would 
have condensed at the top of the tower? Why? 


. List the following products of the fractionating 


tower in the order of their boiling points: 
gasoline, heating oil, heavy fuel oil, jet fuel, 
lubricating oil. Begin with the highest boiling 
point. 


—» GASOLINE 


—» JET FUEL 
(KEROSENE) 


—> HEATING OIL 


—p LUBRICATING 
OIL 


HEAVY FUEL OILS 
RESIDUES 
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Using Energy 
from Petroleum 


The Refinery and Its Products 


Distillation is only the first of many steps in the 
refining of crude oil. Before the fractions are ready 
for the market, some will be “cracked” again into 
smaller fractions. Treatments will remove sulfur 


and other impurities, and chemicals will be added. 


The complete story of oil refining is complex and 
only for chemical experts. Just a few of the more 
than 1000 products that began as petroleum are 
shown here. 

Natural gas needs less refining than crude oil 
before it can be used. Gas can sometimes be 
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delivered by pipeline directly from the gas field to 
customers. If the gas contains too much hydrogen 
sulfide, it is called “sour.” Hydrogen sulfide is 
corrosive and poisonous and it smells bad. By 
removing hydrogen sulfide from natural gas, the 
gas becomes “sweet” and can be used by homes 
and industry. Removal of the hydrogen sulfide 
results in a large amount of sulfur. This by- 
product of gas processing can be used by industry 
to make sulfuric acid. 

Natural gas is mainly methane, but it contains 
several other important gases. 
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Both natural gas and crude oil provide the raw 
material, or feedstock, for the petrochemical 
industry. Through techniques of chemistry, crude 
oil and natural gas end up as such things as lunch 
bags, sweaters, and glue. A few of the products 
from the petrochemical industry are shown here. 


1. What must be removed from natural gas before 
it can be used? Can this waste product be 
used? 

2. Why do you think that petroleum is such an 
important factor in our everyday life? 
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Impact on the Environment 


Extracting, transporting, processing, and using 
any of the nonrenewable sources of energy may 
have consequences for the environment. 


Extraction Methods 


The oil sands look like a promising source of 
energy for Canada’s future, but there are still 
many problems to be solved. 

The extraction process that separates the 
bitumen from the sand sends 500 t of sulfur 
dioxide into the air every day. Sulfur dioxide is the 
chief cause of acid rain. 

When the extraction process is complete, the wet 
sand has to be dumped somewhere. These tailings 
are too poisonous to be dumped into the 
Athabasca River, so they are kept in huge ponds. 


1. In what area will the acid rain resulting from 
oil-sands extraction fall? In your opinion, is the 
damage the acid rain will cause to land and 
lakes an acceptable price to pay? Why? 

2. What problem can you foresee if the Alberta oil- 
sands operation is expanded? 

3. What problems are associated with the 
conventional extraction methods for oil? How 

is the environment affected? 

, 7y RR, 





Oil Spills 


The most visible impact that petroleum has on the 
environment occurs when petroleum is spilled. Oil 
spills anywhere make a mess. The crude oil 
spreads and coats everything it touches in a thick, 
sticky covering. It is hard to clean up after a spill. 

Oil spills on land usually happen when the oil is 
being moved. The main source of oil spills on land 
is broken pipelines. The thousands of kilometres 
of pipelines that snake across the continent are 
put together carefully, but they are not perfect. 
When pipelines break, the spill may go undetected 
for some time. If people are nearby, the oil can 
sometimes be contained by ditches or banks of 
earth. The contaminated soil is disposed of by 
moving it by truck to a dump or a landfill site. If 
the break occurs in the far north, damage to the 
environment can be long lasting. In the cold north, 
crude oil breaks down very slowly, and it takes 
plant life a long time to recover from damage and 
setbacks. 

Oil spills on water are even more serious because 
they are more difficult to deal with. Waves and 
currents spread the oil slicks long distances and 
make the removal of oil a slow and tedious process. 
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Where does it appear easier to clean up spilled oil, along the shore or on the water? Why? 
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Activity 
Can Oil Slicks 
Be Removed from Water? 


The following activity will let you find some ways of 
cleaning up oil slicks. 


MATERIALS You will need a bowl or aquarium, 
drinking straws, a thread or string, a paper towel, 
water, and some used motor oil or cooking oil. 





PROCEDURE Fill the container about half full with 
water. 

Dip your finger or a straw into the oil. Put a drop 
of oil on the surface of the water in the center of 
the bowl. 

Observe the oil drop for a few minutes for any 
changes. 

Add a few drops of oil until there is a small oil 
slick. 

Try to remove the oil from the water. Use 
whatever methods and tools you think will work. 

Make miniature “booms” from the straws. Cut 
pieces of drinking straws 2 or 3 cm long and 
thread them. Lay the boom on the water. 

Drop oil inside the boom until the oil slick fills 
the space. Try to move the oil slick by towing the 
boom slowly around the surface of the water. 
OBSERVATION and CONCLUSION What happens toa 
drop of oil that lands on water? Was the oil slick 
contained and moved by the drinking straw 
boom? How can oil be removed from the surface of 
water? 
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Tankers and Oil Spills 


The story of the tanker Arrow is typical of the more 
than a thousand tanker accidents that spill oil 
around the world each year. The Arrow was a 
tanker loaded with crude oil from Venezuela. As 
the ship approached Chedabucto Bay, Nova Scotia, 
on February 4, 1970, it ran aground on some 
rocks. The rocks made holes in the steel plates of 
the hull and the oil cargo began to spread over the 
water. 

Tugboats tried to pull the ship off the rocks. 
They were not successful. 

Attempts were made to pump out the cargo into 
asecond ship, but this failed. The cargo of crude 
oil had thickened into a tar without the steam heat 
and pumps of the Arrow to keep the oil warm and 
fluid. 

On February 8, the ship broke in two aftera 
storm. More oil spread out on the water in large 
slicks. Attempts were made to get rid of the oil by 
burning it. Neither the oil floating on the sea nor 





the oil washed up on the beaches could be ignited. 

Floating barriers, or booms, to contain the 
slicks were partly successful. Most of the cleanup 
had to be done by hand along the beaches as the 
waves brought the oil to shore. When crude oil 
from the Arrow spread over Chedabucto Bay, 
floating machines called Slicklickers were used to 
help with the cleanup. 


First, they moved the oil slick to the mouth of 
the machine by inflated plastic booms. A conveyor 
belt of canvas and cloth was then lowered to the 
surface of the water. The oil stuck to the material 
of the conveyor belt. The moving belt carried the 
oil onto the ship where it was squeezed from the 
cloth and stored in barrels. 

Lifting oil slicks is very slow work. Four 
Slicklickers worked for ten weeks on the Arrow 
cleanup to lift more than 5700 barrels of spilled 
oil. 


Offshore Drilling and Oil Spills 


Asecond source of oil spills at sea is offshore 
drilling. If the leak occurs on the ocean floor, it can 
be very difficult to reach and repair. 

An immense oil spill happened near Mexico in 
the Bay of Campeche. On June 3, 1979, an 
offshore rig drilled into a deposit of oil under great 
pressure. The well “blew out” and before it could be 
capped on March 23, 1980, more than 3 000 000 
barrels of crude oil went drifting across the Gulf of 
Mexico. 


1. What mishaps might cause a tanker to lose its 
cargo of oil? Consider the kind of cargo being 
carried, weather factors, and mechanical 
problems. 

2. What might go wrong during offshore drilling 
that could result in an oil spill? 


Density 


Wood floats on water because wood is not as dense 
as water. Water has a greater density than wood— 
this means that the stuff we call water is packed 
together more tightly than the stuff we call wood. 
Density does not depend on whether a substance 
is liquid or solid. Any material, liquid or solid, will 
float on a liquid that has a greater density. Which 
substance in each of the following pairs do you 
think has the greater density: oil or water? water 
or ice? milk or cream? basswood or water? 


Activity 
Do Oil and Water Mix? 


The following activity will help you understand 
what happens in an oil spill at sea. 


MATERIALS You will need a test tube witha 
stopper, a test-tube rack, oil, and water. 





PROCEDURE Fill the test tube one-quarter full with 
oil. 

You are going to drop an equal amount of water 
into the test tube. Predict what will happen. 

Drop an equal amount of water into the test 
tube. 

Place the test tube in a rack and observe what 
happens. 

Plug the test tube securely with the stopper. 
Turn the test tube upside down once and then 
back to the upright position. 

Place the test tube in one hand with your thumb 
over the stopper. Shake the test tube vigorously 
about 10 times. 

Return the test tube to the rack and observe 
what happens for at least 3 min. 

OBSERVATION What happened when water was 
poured into the test tube containing oil? What 
happened to the oil and water when the test tube 
was inverted once? What happened to the oil and 
water when the test tube was shaken vigorously? 
CONCLUSION Do oil and water make a true 
mixture? Explain your answer. 
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Emulsification 


As you have seen, oil does not mix with water the 
way cream mixes with coffee. Instead a process 
called emulsification can happen to oil slicks on 
the ocean. Wave movement causes the oil to break 
into tiny drops, which become trapped between 
the drops of water. The result is “chocolate foam.” 
Because the foam is part water and part oil, it does 
not float as easily as pure oil. If any sediment is 
picked up, the foam becomes too heavy to float. It 
sinks and carries the oil to the bottom. 


1. Sometimes oil slicks on the ocean disappear. 
What is one explanation for the disappearance? 

2. “Chocolate foam” that sinks to the bottom may 
become covered with sediment. Oil that washes 
onto a beach may be buried in the sand. Why 
would decay take place slowly in these cases? 
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Consequences of Oil Spills at Sea 
The Ocean Food Chain 


The chain of life in the sea can be illustrated asa 
pyramid. The base of the pyramid is formed by tiny 
plankton. Above them are the creatures that feed 
on the plankton. These creatures are larger than 
plankton and there are not as many of them. In the 
next layer are still larger, and fewer, creatures. 
Each layer of the pyramid feeds on the creatures in 
the layer below, and provides food for the larger 
creatures in the layer above. 


In this food chain most of the energy (90%) 
taken in by the creatures in any one layer is used 
in staying alive, moving about, keeping warm, and 
so on. Only 10% of the energy is stored in the body 
of the creatures, so only 10% is available to the 
creatures in the next layer above. 
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Ocean Fisheries 


It is tempting to think of the oceans of the world as 
huge tanks containing fish in many varieties and 
untold number. Unfortunately, it isn’t true. 
Although life can be found in all parts of the ocean, 
about 90% of the ocean supports very little life, 
and is close to being a “biological desert.” The rich 
variety and abundance of plant and animal life 
that we imagine when we think of the ocean 
occurs only in the remaining 10%. The important 
zones that produce fish are found along the coast 
where there is the right combination of conditions 
to produce suitable food and habitat. One of these 
special areas is the Grand Banks of 
Newfoundland. It is here that the Labrador 
Current —an ocean current 400 m deep and 15 to 
30 km wide—flows down from the north bringing 


NEWFOUNDLAND 


1. What features of the Grand Banks make ita 
fertile area for fish life? 

2. What would you predict would happen if just 
one layer in the ocean food pyramid were 
destroyed? 

3. Those who fish the Grand Banks claim that the 
fishing grounds are threatened by oil spills. 
Explain why they might be right. 

4. How many kilograms of plankton are required 

to begin the pyramid which produces a fish of 

1 kg mass for humans to eat? 


100 m 





WPS THE BANKS = 2+! 


cold water and minerals. The Gulf Stream, 
another ocean current, brings warm water from 
the south. Where these two currents meet, there is 
an abundance of plankton, the form of tiny plant 
and animal life that begins the food chain in the 
sea. 

This mixing of cool and warm currents occurs 
over a large and mainly flat area with an average 
depth of only 100 m. This combination of 
conditions—an abundance of food in the right 
place— makes a perfect habitat for many kinds of 
fish. The result is the Grand Banks, the largest 
and most famous fishing ground in the world. For 
many years, huge populations of cod, herring, and 
mackerel have been hunted by fishing fleets from 
the countries of Europe, and from Canada and the 
United States. 


FISHING GROUNDS 


RAND BANKS 


LIGHT PENETRATES 
ABOUT 100 m 


\ THE DEEP 





5. Predict what you would find if you investigated 
the food chain in the Arctic Ocean and 
compared it to the Grand Banks. Compare: 
the variety of life forms 

the number of creatures 

the growth rate of fish and other creatures 
the ability of each environment to recover 
from a setback, such as an oil spill. 
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Energy from Uranium 


What Is Uranium? 


Uranium is an element. It is found in most rocks 
and soil as well as in the water of rivers and 
oceans. The largest known deposits of uranium 
ore in Canada are in northern Ontario and 
northern Saskatchewan. There are also deposits 
in the Northwest Territories, British Columbia, 
Quebec, and Newfoundland. 

Deposits of uranium are still being located by 
prospectors with a geiger counter. This handheld 
instrument reacts to the radiation from uranium. 
When prospectors hear the machine clicking, they 
know uranium is nearby. 

A faster and more efficient way to find uranium 
is to trail a type of geiger counter behind a low- 
flying airplane. If this survey shows a promise of 
uranium in one area, crews are sent in on foot to 
examine the rock and water. If the area is suitable 
for mining, deep holes are drilled underground to 
sample the richness of the deposit. 


What Is Radiation? 


The familiar materials of our world don't change, 
or if they do, the change is very slow. The walls and 
floors of our homes are stable, that is we expect 
them to be the same tomorrow as they are today. 
There are some materials in the world, such as 
uranium, that are not stable. They are called 
radioactive substances. They are constantly 
changing by throwing off tiny particles or emitting 
energy similar to that of an X-ray. When the 
change of uranium is complete, it is no longer 
radioactive and, in fact, it is no longer uranium. It 
has changed to lead. 
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All of us are exposed to radiation in normal daily 
living, just as we are exposed to sunlight. Under 
certain conditions, sunlight can be harmful and 
the same is true of radiation. People who work 
with radiation, such as X-ray technicians, people 
who work in nuclear-power plants, and uranium 
miners must follow special safety rules. They must 
be checked daily to find out the amount of 
radiation to which they have been exposed. 

Radiation is measured in rems or millirems. The 
amount of natural radiation to which one is 
exposed varies depending where one lives and how 
one lives. Radiation levels from the sun’s rays are 
higher on a mountain top than they are beside the 
ocean because the earth’s atmosphere is a shield. 
There is more of the shield above the sea shore. 
Radiation levels increase the closer one gets to the 
source of radiation. Even though there are wide 
variations in natural background radiation, 
studies have not found that people living in areas 
that are exposed to higher levels of natural 
radiation have any more or less sickness than 
people living in areas exposed to lower levels of 
natural radiation. 


1. What are radioactive substances? 

2. How is radiation measured? 

3. Why is there more radiation from the sun at the 
top of amountain than beside the ocean? 
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Extracting, Processing, 
and Using Energy | 


from Uranium 


Mining and Processing Uranium 


When a body of uranium ore is found near the 
surface, strip mining is used. For deep deposits, 
the standard underground methods are used. 

The first step in recovering the uranium is to 
separate it from the rock in which it occurs. The 
ore is hauled from the mine to the mill for such 
upgrading. Here the rock is crushed and ground 
up until it is a fine sand. This sand is then treated 
with chemicals to remove the sand and produce a 
partly refined form of uranium called yellowcake. 
The yellowcake is sent to a refinery to be purified, 
concentrated, and pressed into hard, glassy pellets 
about 1.5 cm by 2 cm. These pellets are used as 
fuel for nuclear reactors. 
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Using Uranium 


Uranium is a source of energy that is very different 
from the fossil fuels. Coal, oil, and natural gas 
burn with a flame, and they can be converted into 
hundreds of useful products. Uranium is also a 
fuel, but it does not burn. It can, however, produce 
vast quantities of heat. The heat is produced 
during a process called fission during which the 
atoms of uranium break in two. 


What Is an Atom? 


Everything in the world is composed of various 
substances. One of the smallest parts of each 
substance is called an atom. An atom is so small 
that until just recently, it could not be seen even 
with the most powerful of the microscopes 
available today. To help you to better understand 
the size of an atom, it may help to know that 5 mL 
of water contains about four hundred and fifty 
billion billion atoms. 

Atoms are made up of many tiny particles that 
are usually combined under three names. Protons 
and neutrons occur in the center or nucleus of the 
atom. Electrons spin around the nucleus so 
rapidly that they are like a cloud surrounding the 
heavy nucleus. The number of electrons always 
equals the number of protons in an atom, but the 
number of neutrons can vary. 


HYDROGEN ATOM DEUTERIUM ATOM 
ELECTRON | ELECTRON 





@PROTON ROTON@O NEUTRON 


NUCLEUS NUCLEUS 
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Activity 
What Do Atoms Look Like? 


This activity will show you how to make atomic 
models. 


MATERIALS You will need Styrofoam balls (in two 
sizes), some thin, flexible wire, a pair of wire 
cutters, glue, heavy wire or a coat hanger, and 
paint. 
PROCEDURE The small Styrofoam balls will 
represent protons and neutrons. The larger size 
will represent electrons. Paint the electrons blue, 
the protons red, and the neutrons white. 

Attach the red and white balls together with glue 
or wire to make a ball shape. This will represent 
the nucleus of the atom. 


Sos 


Cut the wire long enough to make two circles, 
10 cm and 15 cm in diameter. Leave about 7 cm of 
wire extra. 

Thread two electrons on the wire for the small 
circle. Complete the circle by bending one end. 
Leave the 7 cm of extra wire free. 

Thread the other electrons on the large circle 
and complete it the same way. 

Bend each 7 cm of wire so that it points toward 
the center of the circle. Push them into the 
nucleus you made. You should have a model that 
looks like our solar system, with the electrons 
orbiting around the nucleus. 


To make a stand, take the clothes hanger and 
cut it so that you have a piece of wire about 40 cm 
long. Starting at one end, make a circle about 
10 cm in diameter. There should be about 10 cm 
left which you now bend so that it sticks up from 
the circle. Push the end of this projection into the 
nucleus and you have made a mounted model of 
an atom. Your teacher will tell you what atom your 
model represents. 
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Producing Electricity from Uranium 


When just one atom of uranium breaks, the 
amount of heat given off is too small to be 
measured. But when billions and billions of 
uranium atoms split, the large quantity of heat 
produced can be used to produce electricity. You 
can follow the process in this simplified diagram. 
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How Does a Nuclear Reactor Work? 


Nuclear energy is released when a nucleus breaks 
in two. This can only happen in heavy, unstable 
atoms like that of uranium. Ifthe uranium atom 
simply broke in two neatly, a reactor could not 
work. However, it doesn’t. Two or three neutrons 
are “spilled” when the nucleus splits and reforms 
itself into the nucleus of another atom. These 
neutrons go flying off at about 42 000 km/s. If 
they can be slowed to about 3 km/s, they can be 
used to split other atoms of uranium which, in 
turn, produce more neutrons and cause even more 
atoms to split. Thus, we create a chain reaction of 
atom splitting. 

A nuclear reactor is designed to promote an 
atomic chain reaction in uranium and to remove 
the heat produced by this chain reaction. 

Uranium is a very concentrated source of 
energy. It is used in a reactor in fuel bundles which 
are manufactured by placing the pellets in metal 
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tubes. The tubes are welded shut, and then 
assembled in a bundle about 50 cm long and 
10 cm in diameter. Spaces between the tubes 
containing the uranium allow water to circulate 
and take away the heat that is produced. One fuel 
bundle weighs 22 kg and, ina reactor, can 
produce as much heat as would be produced by 
burning 400 kg of coal or 1700 barrels of oil. 
Several types of reactors exist but they all work 
on the same principle— making atoms of uranium 
or other heavy elements split. The Canadian 
reactor is called a CANDU which stands for 
Canada, deuterium (another name for “heavy” 
water which is used to slow down the neutrons so 
they can break up more atoms of uranium), and 
uranium which is the fuel. 


1. What happens when a nucleus splits in two? 
2. How does a nuclear reactor make use of this 
fact? 
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Good Things from the Atom 


Nuclear reactors actually play an important part in 
fighting disease and providing very special tools 
for agriculture and industry. These 
accomplishments are made possible through the 
production of radioactive isotopes. An element 
placed in a reactor, and subjected to neutron 
bombardment, becomes a radioactive isotope, and 
as such can be used in a variety of ways. 

Radioactive cobalt is used in treating cancer 
because radiation can destroy cells or cause them 
to change. Canada has been a pioneer in this 
work. Thousands of people have been helped by 
this kind of radiation treatment. 

Radioactive iodine is used to treat cancer of the 
thyroid gland in the neck. This treatment is safer 
and more effective, in some instances, than 
surgery, and has also saved many lives. 

In industry, radioactive isotopes are used to 
make many measurements, such as checking the 
efficiency of welding, regulating the thickness of 
paper, tracing materials in flow systems, and 
preserving food. 

Radioactive isotopes are widely used to study 
pollution. In Ontario, for instance, researchers 
investigated the cause of pollution in certain lakes 
by putting tiny amounts of radioactive isotopes 
into cottage drainage systems. The path taken by 
the isotopes was traced by instruments sensitive 
to radiation to see if any of the drainage water were 
getting into the lake. 

Isotopes are also being experimented with in 
agriculture. Ancient enemies of farmers are the 
insect pests that feed on the plants and animals 
raised for our food. Even in the farmers’ good 
years, when the insect population is low, losses 
through insect damage are considerable. In some 
parts of the world, in a bad year, entire crops can 
be lost to insects. 

Radioactive isotopes are being used in 
experiments to control some insects. The insects 
are raised in a laboratory and then exposed to 
radioactive isotopes. The radiation does not kill 
the insects but it makes them sterile. This means 
that the insects will mate, but the eggs will not 
hatch. These sterile insects are released to mate 
with other insects and lay sterile eggs. It is hoped 
that insect pests can be controlled in this way. 
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1. Name two ways that radioactive isotopes are 
used in fighting disease. 

2. What use does industry make of isotopes? 

3. How are radioactive isotopes used to study 
pollution? 

4. Why are insects exposed to radiation? 





This photograph shows a radioactive-cobalt- 
treatment machine, called a cobalt “bomb.” 


Impact on the Environment 
Extraction, Processing, 
and Use of Uranium 


The fossil fuels each have an impact on the 
environment as they are extracted, refined, and 
used. Uranium has an impact, too, but in some 
ways the impact is different because of the 
radioactive nature of uranium. 

All miners who work in uranium mines are 
exposed to radon gas and radium, two radioactive 
substances. Radon gas and tiny particles of 
radium can be inhaled. Good ventilation in 
underground mines helps to protect the miners. 
However, uranium miners still run much higher 
risks of lung cancer than do other citizens, if 
adequate precautions are not taken. 


Only asmall amount of the ore taken from the 
uranium mines is uranium. About one tonne of 
waste is left for each kilogram of yellowcake 
produced. The discarded waste, or tailings, 
contains both radioactive materials and harmful 
chemicals left from the chemical process used to 
separate the yellowcake from the crushed rock. 
But it is the waste produced when yellowcake is 
refined that is the biggest problem. It must not be 
allowed to get into drinking water. 

A nuclear reactor does not create smoke, fly ash, 
or sulfur dioxide as fossil fuels do, but it does 
produce radioactive wastes. Used-up fuel rods are 
unstable and radioactive. They decay so slowly 
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that they remain harmful for hundreds of years. 
How to dispose of this radioactive waste is still an 
unsolved riddle. For now, storage is a temporary 
answer. The spent fuel rods are placed in deep 
pools of water in the reactor building. The search 
for a safe disposal site somewhere in Canada is 
made difficult because the ground would have to 
be completely stable, and because no one wants 
the disposal site where he or she lives. 

The argument over the safety of nuclear reactors 
goes on. Those in favor of nuclear energy point out 
that there has never been a fatal accident witha 
CANDU reactor. The CANDU has as many 
safeguards built in, it is claimed, as engineers can 
think of. The government agencies which licence 
reactors feel that they can allow them to operate 
with confidence. 

Opponents of nuclear reactors point out that 
everything built by human beings breaks down 
some time because human beings aren't perfect. A 
breakdown in a washing machine is just a 
nuisance; a breakdown in a CANDU could be a 
disaster. Opponents say the risk isn't worth it. 


1. Does a nuclear reactor add to the problem of 
acid rain? How do you know? 

2. What advantages can you see in using nuclear 
reactors to produce electricity? Find as many as 
you can. 

3. What disadvantages are there with nuclear 
reactors? 





The nuclear-generating station at Pickering, Ontario, shown here, uses CANDU reactors. 
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The Future of 


Nonrenewable Energy Sources 


The Future of Coal 


We have been using coal as a fuel for thousands of 
years. Archeologists have seen evidence that it was 
used during the Bronze Age, four thousand years 
ago. In our energy future, coal may be more 
important than it is at present. 

As petroleum supplies decrease, coal may be 
used to replace oil in a number of ways. Oil and 
coal are both used now as fuels for the thermal 
generation of electricity. Coal will increasingly be 
used to replace oil to generate electricity. 

Coal can be turned into gasoline, and other 
fuels. Jet fuel, diesel fuel, and heating oil can all be 
produced from coal. In the past, when oil prices 
were low, there was no reason to develop the 
expensive process of making synthetic fuels from 
coal. Now oil prices are high, and are continuing to 
rise, and synthetic fuels may become reasonable 
alternatives. 

If the demand for coal increases as expected, we 
may see the construction of coal pipelines. The 
coal would be ground fine at the mine and would 
be mixed with a liquid to make a slurry that could 
be pumped. Experiments are underway to 
compare coal pipelines with rail transportation to 
find out which costs less and which is more 
efficient. 

Another experiment is investigating the in situ 
recovery of coal. This is similar to the in situ 
method of recovering bitumen from oil sands. A 
hole is drilled to the coal seam and a fire started. 
Air or oxygen is pumped down the hole to keep the 
fire burning at a controlled rate. Another hole is 
drilled to work as a chimney. The coal gas rushes 
up this hole and is collected to be used as a fuel, or 
to be processed. 
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. How much coal do we have in Canada? Will we 


have enough? Compare the amount of coal we 
have to the amount we use every year. How long 
will the coal last at that rate of consumption? 


. Predict how Canada’s use of coal may change 


during the next ten years. Describe both the 
advantages and disadvantages to Canada if 
your prediction turns out to be true. 





THE “OIL AGE” IN CANADA 
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dug in Canada. One hundred and twenty-five 


Rieeegebeeres cLecun years, the time of Canada’s “Oil Age,” is only a 


The story of petroleum can be thought of as a long, small part of human history. Traces of human 

long story with a very short last chapter. The long settlement go back tens of thousands of years. 

part of the story is the vast span of time —millions The Oil Age in Canada is not over yet, but it can’t 
of years—when petroleum was formed and last forever. Petroleum is a nonrenewable source of 
trapped in the earth's crust. The short last chapter energy and some day the pumps will run dry. How 
began, for Canadians, only one hundred and much do we have left? The bar graphs shown here 
twenty-five years ago when the first oil well was tell the story. 
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. The black mark on the time line on page 61 is 

1 mm wide. How many years does it represent? 

. Measure the length of the time line in 

millimetres. How many years does it represent? 

. The most threatening part of the energy picture 

today is petroleum. We depend upon petroleum 

for 44% of our energy in Canada, and prices are 

rising steadily. What is the objection to 

importing as much oil as we need to meet our 

demands? 

. Where does the extra oil come from? 

. Refer to the bar graph showing how crude oil is 

being used in Canada. Suggest how substitutes 

could be made for crude-oil products in some 

parts of the graph. Keep in mind that 

petroleum gives us heating fuel and fuel for 

transportation. 

. What changes would you have to make to carry 

out the substitution you suggested? 

. Weare short of oil now. We have to import oil 

and the price keeps going up. Consider these 

alternatives: 

e Wecan look for more oil in the Arctic Ocean 
and Grand Banks. 

e Wecan extract oil from the oil sands. 

e Wecan cut back our use of petroleum and 
conserve what we have now. 

Which alternative is best, in your opinion? 

Explain both the advantages and 

disadvantages of your choice. 
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The Future of Uranium 


Although uranium is a newcomer to the energy 
scene when it is compared with oil and coal, its 
use in reactors offers the possibility of stretching 
energy resources into the future. However, that is 
not a simple job. Present reactors extract less than 
one per cent of the energy from the uranium that 
is refined. Much more of the energy can be 
recovered in “advanced fuel cycles” so that 
uranium reserves will last much long in the 
future. Much more research is needed before these 
advanced fuels are common. 

Today, nuclear energy is used to produce heat 
which in turn can be used to generate electricity. 
The steam that reactors produce could be used in 
other ways—to heat the heavy oil in tar sands, for 
example. Nuclear heat could be used for hot-water 
home heating but, to be efficient, many homes 
would have to be part of the heating system, 
something that is not practical today. Electricity 
from nuclear plants could be used to replace oil 
burned to heat homes or it could be used to 
produce other kinds of fuels. 

These uses of uranium are still in the future, 
like the more efficient use of coal or oil. We must 
understand all our options so that when decisions 
are to be made, they can be made with an 
understanding of both the benefits and the 
undesirable effects. 


1. Do you think we should increase the number of 
nuclear-powered generating stations? Make a 
list of the reasons for and another list of the 
reasons against nuclear power stations. 

2. Share your lists with others. Add others’ 
arguments to your lists. Are there any you 
didn’t think of? 


The Wise Use of Energy 


Whatever sources of energy we use there are 
effects on our environment. Some of the effects are 
so slight that they seem unimportant. Some can 
be overcome by techniques which we have 
developed. However, there are still others which 
cause long-term permanent damage to our natural 
world. 

During the last forty years we have relied on oil 
to supply a large part of our energy needs. Now, as 
conventional sources are being used up, we look to 


other sources for future energy needs, and we see 
that there are difficult choices which we must 
make. These choices will have to take into account 
the availability and production costs of energy 
supplies, and the impact on the natural 
environment. In our plans for our energy future 
we must consider the role of coal, oil, natural gas, 
and uranium. 

The pie graph shows the sources of primary 
energy used now in Canada. 


PRIMARY ENERGY SOURCES USED IN CANADA 





NUCLEAR 4% 


1. Consider the choices we have for the future. We 
can change our attitudes about the amount of 
energy we think we need and slow down the 
rate of consumption. We can make some 
changes in the amount of energy we get from 
the sources listed in the pie graph. What 
changes would you recommend for our future? 


2. Draw the graph that shows your new plan. 
(5% = 18°). 

3. What are the advantages of the system you 
suggest? What bad effects will we have to cope 
with if your plan is followed? 

4. Do we need to conserve nonrenewable energy 
sources? Why or why not? Discuss this 
question with others interested in our energy 
future. 
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Vocabulary 


A 

acid 

acid rain 
alkali 
alkaline 
anthracite 
atmosphere 
atom 


B 

bacteria 
base 

batch 
bitumen 
bituminous 
black water 
blast furnace 
boom 

bucket wheel 
butane 
by-product 


Cc 

Canadian Shield 
carbon 

carbon dioxide 
Carboniferous Period 
cargo 

casing pipe 
chokedamp 
Christmas Tree (valve) 
coke 

collapse 
condensation 
condenser 

control 

convert 

corrosive 

cracking 

crucible 

D 

decay 

density 

deposits 

derrick 

destructive distillation 
deuterium 
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disperse 
distillation 
dragline 
drilling bit 


E 

echo principle 
electron 
element 
emulsification 
ethane 
exploratory 
explosion 


F 
firedamp 
fireflooding 

fission 

fossil 

fraction 
fractionating tower 
friction 


G 

geiger counter 
generator 
geologist 

gold 

Grand Banks 


H 

habitat 
horizontal 

huff and puff 
hydrocarbon 
hydrogen 
hydrogen sulfide 


| 
impermeable 
impurities 
impurity 

in situ 

iron 

iron ore 
isotope 


J 
jet 
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NUNN 


000 


K 
kerosene 


L 

lignite 
limestone 
litmus paper 
longwall mining 


M 
methane 
millirem 
mortar 
muskeg 


N 

neutral 

neutralize 

neutron 

neutron bombardment 
nitrogen dioxide 
nucleus 


0 

ore 

organic 
overburden 
oxygen 


P 
permafrost 

pestle 

petrochemical feedstock 
petroleum 

PH scale 

pipeline 

plankton 

platinum 

porous 

prediction 

prevailing winds 
propane 

proton 


R 
radiation 
radioactive 
radium 
radon 


reactor 
reclaim 

refuse © 

rem 

reserve 
residue 

S 

sandstone 
scrubber 
seam 
sediment 
sedimentation 
seismic survey 
shale 

slurry 

soil profile 
solar energy 
specimen 
spoil 

steam injection 
steel 

sterile 
sub-bituminous 
subsoil 

sulfur 

sulfur dioxide 
sulfuric acid 
synthetic 


Y 
tailings 
tanker 
thyroid gland 
topsoil 
trench 
turbine 


U 


uranium 


Vv 
variable 
vertical 


WwW 
water table 


Y 
yellowcake 
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